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We determined the pro-
portion of research on child-
hood mortality directed
toward better medical tech-
nology (i.e., by improving
old technology or creating
new technology) compared
with research on technol-
ogy delivery and utilization.
We also estimated mortality
reductions from a research-
funding strategy focusing
primarily on developing tech-
nology compared with one
that also focused on deliv-
ery and utilization.

Ninety-seven percent of
grants were for developing
new technologies, which
could reduce child mortal-
ity by 22%. This reduction
is one third of what could
be achieved if existing tech-
nologies were fully utilized.

There is a serious dis-
crepancy between current
research and the research
needed to save children’s
lives. In addition to increased
research on the efficacy of
treatment, there is an even
greater need for increased
research on delivery and
use of technology. (Am J
Public Health. 2007;97:219–
223. doi:10.2105/AJPH.2005.
083287)

AN INVESTIGATION
undertaken in 2003 for the Bel-
lagio Conference on Child Sur-
vival showed that the vast major-
ity of deaths of children younger
than 5 years, about 10 million
per year, occurred in 42 low-in-
come countries.1 The Bellagio
Conference concluded that about
two thirds of these could be pre-
vented by interventions currently
available and feasible for imple-
mentation in these countries.1

Other articles from the confer-
ence indicated that the systems
for delivering these technologies
are seriously deficient2 and that
their utilization is inadequate,
especially among the poor.3

Before the Bellagio Confer-
ence, the international Commis-
sion on Health Research for De-
velopment drew attention to the
imbalance in research addressing
ill health in developing countries
compared with research on
health issues of populations in
wealthy, industrialized countries.4

The critical finding from the
commission report was that 90%
of all research funding for health
was devoted to the health prob-
lems of industrialized countries,
whereas only 10% was for re-
search on the health issues of
low-income countries. This issue
has received considerable public
attention, and the imbalance is
now widely referred to as the
“10/90 gap.”5

The findings from the Bellagio
Conference and global dispari-
ties in the allocation of research
resources for health issues of
populations in developing

countries raise other questions
about current research priorities:
how much research is being
directed toward breaking the
bottlenecks in delivery and uti-
lization that prevent existing
technology from reducing child
mortality? If, as we suspect, little
such research is performed, how
great a reduction in mortality
can be expected from new
health technologies in the future,
given present conditions of uti-
lization and delivery?

We first examined the evi-
dence for another “gap,” namely
that between research invest-
ments in biological and clinical
technology and research invest-
ments in delivery and utilization.
Second, we estimated mortality
reductions from a research fund-
ing strategy focusing primarily on
the development of better health
technologies compared with a
strategy also focusing on delivery
and utilization. These investiga-
tions were based on the premise
that research leading to the de-
velopment of better health tech-
nologies will not automatically
have an impact on child mortality,
because technologies must also
be delivered to and used by the
children who need them. Achiev-
ing improvements throughout
this process, from basic scientific
discoveries to their utilization, re-
quires scientific research. Applied
operations research in the context
of health and welfare programs is
generally considered to be a na-
tional responsibility, but research
to obtain general knowledge
through theory development and

its testing in practice is a global
responsibility.

METHODS

To determine the extent to
which funded research grants on
the causes of childhood mortality
in developing countries focused
on the development of better
health technology versus im-
provements in health care deliv-
ery and utilization, we examined
the allocation of research by the
National Institutes of Health
(NIH) and the Bill and Melinda
Gates Foundation, which are the
largest public and not-for-profit
sources of funds for health re-
search, respectively. We reviewed
the research grants funded by
both institutions between 2000
and 2004 relating to the major
killers of preschool children in
developing countries.6

Using the Computer Retrieval
of Information on Scientific
Projects system (CRISP), we
searched the NIH Web site7 for
funded studies, employing key
words and phrases to identify
grants in the system (Table 1).
The CRISP database is main-
tained by the Office of Extra-
mural Research. We reviewed P
(Research Program Projects and
Centers), R (Research Projects),
and S (Research-Related Pro-
gram) grants, excluding grants
that could not be classified as
earmarked for research. Grants
with the following numbers were
excluded: P30 (center core
grants), P41 (biotechnology re-
source grants), P51 (primate 
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TABLE 1—Key Words and Phrases Used to Identify Grants in
CRISP system

Disease or Condition Key Words and Phrases

Diarrhea Diarrhea*

Pneumonia Pneumonia*

Malaria Malaria*

HIV/AIDS (HIV* & maternal*), (HIV* & mother*), (AIDS* & maternal*),

(AIDS* & mother*), (breastfeeding* & HIV*), (breast* & 

feeding* & HIV*), (breastfeeding* & AIDS*), (breast* & 

feeding* & AIDS*)

Measles Measles*

Birth asphyxia Birth* & asphyxia*

Sepsis (Perinatal* and sepsis*), (neonatal* & sepsis*)

Preterm Preterm*

Tetanus Tetanus*

Undernutrition “Complementary feeding*”, “complementary food*”

Micronutrient*, “micro nutrient*”

Malnutrition*, undernutrition*, “under nutrition*”

Note. CRISP = Computer Retrieval of Information on Scientific Projects; * = truncation.

TABLE 2—Potential for Decreasing Mortality Among Children Aged
Younger Than 5 Years in the 42 Countries That Account for 90% of
Such Deaths Worldwide

Cause-Specific Deaths 
That Could Be Averted, % Potential Deaths 

Improving Improving Averted as Proportion

Utilization Efficacy of All Deaths, %

Percentage With Efficacy of Technology With With 
Cause of of All of Technology With Utilization Technology Utilization 
Mortality Deathsa Constanta Constantb Constantc Constantd

Diarrhea 22 88 40 19.5 8.9

Pneumonia 21 65 29 13.7 6.2

Malaria 9 91 23 8.6 2.1

HIV/AIDS 3 48 3 1.6 0.1

Measles 1 100 10 1.1 0.1

Birth asphyxia 10 39 2 3.7 0.2

Sepsis 8 94 18 7.8 1.4

Preterm 8 59 19 4.7 1.5

Tetanus 2 81 46 1.9 1.1

Other neonatal 5 0 0 0.0 0.0

Other postneonatal 10 0 0 0.0 0.0

Total 100 62.5 21.5

aCalculations based on data are from Jones et al.1
bMethod of calculation is explained in “Methods” section (equation 2).
cPercentages from second column multiplied by percentages from third column.
dPercentages from second column multiplied by percentages from fourth column.

research center grants), P60
(comprehensive center), R13
(conferences), S10 and S11
(biomedical research support),
S21 (capacity building), and S22
(educational program). We also
excluded all grants whose online
abstracts did not provide enough
information to enable their classi-
fication, as well as grants identi-
fied by our key words but clearly
not related to the health of chil-
dren in developing countries (e.g.,
“smoking and ethanol-induced
defects in pneumonia defense”).
We reviewed the Bill and
Melinda Gates Foundation Web
site for Global Health Grants.8

Because the site does not support
a keyword search, all grant de-
scriptions were evaluated.

To code the information, we
set up a simple classification sys-
tem for the objectives of each
study: (1) category A, predelivery
research; (2) category B, efficacy
trials; (3) category C, diagnosis;
or (4) category D, delivery and
utilization research. Predelivery
studies (category A) were classified

as those studies aimed at the
identification and characteriza-
tion of diseases and conditions,
the description of their clinical
and functional impact, or the de-
velopment of preventive or cura-
tive technologies. We counted
efficacy trials (category B) sepa-
rately because they often could
not be clearly classified as either
category A or D. The rationale
for creating a separate category
for diagnosis research (category C)
was that the delivery of health
care often requires diagnosis.
Most of the diagnosis research
funded by the NIH appeared to
be of little relevance to child
health in developing countries
but might have future relevance,
and these studies were therefore
separated from other categories.
When a grant investigated more
than 1 category, we listed it
under each relevant category;
therefore, the sum of the number
of grants listed under all cate-
gories is higher than the actual
total number of grants. However,
as very few grants addressed

more than 1 category, we refer
to the category sums as if they
were the sums of the grants.

To determine the probable im-
pact on child mortality of contin-
uing to focus future research pri-
marily on developing better
technologies compared with ex-
panding the scope of research on
improving the delivery and use
of current technology, we began
with a list of the major causes of
child mortality (Table 2, first col-
umn) and the proportion each
contributed to total mortality
(second column) according to
Black et al.6 In principle, mortal-
ity could be reduced by expand-
ing the use of existing technol-
ogy, developing new, more
effective technologies, or by a
combination of the 2 approaches.

For each disease and condition
in Table 2, Jones et al.1 identified

available technologies that were
potentially feasible for widespread
delivery in low-income countries
and ascertained their efficacy in
reducing mortality. Missing from
Table 2 is malnutrition, which ac-
counted for more than half of
postneonatal child deaths because
it increases mortality from infec-
tious diseases.9–11 It would there-
fore be more appropriate to show
the proportion of all deaths
caused by malnutrition in the sec-
ond column of Table 2. The high
proportion of children whose lives
could be saved by preventing
malnutrition highlights the impor-
tance of nutrition interventions in
the armamentarium of strategies
to reduce mortality. For the sake
of consistency with previous pub-
lications, however, we have re-
tained the original list (without
malnutrition).
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Equation 1 

Equation 2

Building on the work of Jones
et at.1, we then estimated how
many child deaths in the 42
low-income countries identified
in the Bellagio Conference could
have been averted by developing
better technologies if they were
used at the rates then used for
existing technologies. These
averted deaths were calculated
using equation 1:

(1) See equation box.

The “affected fraction” in
equation 1 indicates the propor-
tion of deaths for each cause that
could be averted with a specific
technology. For example, vitamin
A was assumed to have an effect
only on children aged 6 to 59
months who were deficient in
this vitamin.1 We used equation
1 sequentially for all technolo-
gies that addressed the same
cause, applying the equation to
the remaining cause-specific
mortality as shown in the prod-
uct term of equation 2. This
equation was used to calculate
the proportion of total cause-
specific child deaths that could
be averted by improving efficacy
and holding utilization constant.
The Π (1– deaths prevented)
part of the equation ensures that
children’s lives are counted as
saved only once.

(2) See equation box.

With Mc=cause-specific mortality
in country

CUtc =current utilization of
technology t in country c

TEt =target efficacy of
technology t

CEt =current efficacy of
technology t

AFtc =affected fraction specific to
technology t and country c

n=total number of cause-specific
treatments

To calculate the proportion of
deaths relative to total deaths
that could have been averted
with technology that was 100%
effective if it were delivered and
used at existing rates, we multi-
plied the proportion calculated
with equation 2 by the cause-
specific proportion of all deaths.

RESULTS

In 2001, an estimated
US$106 billion was spent glob-
ally on health research and de-
velopment, roughly half of which
came from the public sector. The
US government alone spent
US$28.6 billion, or almost three
fifths of global public sector ex-
penditures. Over 70% of the US
government’s expenditure
(US$20.5 billion) was provided
by the NIH. Among the not-for-
profit sources of funding for
global health initiatives (including
health research), the Bill and
Melinda Gates Foundation was
by far the top funder.12 The 2 in-
stitutions thus represent an influ-
ential proportion of research
funding for health in developing
countries.

Of the 994 NIH grants identi-
fied by the search, 649 were
deemed relevant. Of these grants,
625 were classified in category
A (predelivery research), 24 in
category B (efficacy trials), 19 in
category C (diagnostics research),
and 17 in category D (delivery
and utilization). The proportion
of grants funded by the NIH on
delivery and utilization issues
(3%) was very low compared
with the rest of research relevant
to the diseases and conditions
that kill children in developing
countries.

Among the 435 global health
grants funded by the Bill and
Melinda Gates Foundation, 53
grants (12%) were directed to-
ward research on malnutrition or
the diseases and conditions listed
in Table 2. Of these 53 grants,
34 were classified in category A,
12 in category B, 4 in category
C, and 12 in category D. Thus,
among the research grants
funded by the Bill and Melinda
Gates Foundation that were di-
rected at the primary diseases
and conditions that kill children,
only one fourth focused on de-
livery and utilization.

In summary, from 2000 to
2004 most of the research grants
awarded by the NIH and Bill and
Melinda Gates Foundation went
to predelivery research, whereas
no more than 3% of NIH grants
and 23% of Bill and Melinda
Gates Foundation grants were
pertinent to research on delivery
and utilization. Given that the
total budget appropriated by the
NIH in 2001 was more than 40
times larger than the total re-
search resources provided by the
Bill and Melinda Gates Founda-
tion, the proportion of research
on health care delivery and uti-
lization is much closer to the 3%
estimate. The relative funding of
health research from other agen-
cies (such as bilateral and multi-
lateral donors) was small com-
pared with the combined budgets
of the Bill and Melinda Gates
Foundation and the NIH,13 al-
though the proportion allocated
to research on delivery and uti-
lization by these agencies was
likely to be higher because of
their mission. This is more than
counterbalanced by the fact that
half of all health research is
funded by the private sector,
which has little incentive to invest
in research on health care deliv-
ery and utilization because the
results cannot be patented.

The fourth column in Table 2
shows our estimates of the propor-
tion of deaths, by cause, that could
have been be averted by improv-
ing the efficacy of technology to
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100%. The sixth column, which is
the product of the second and
third columns, presents the pro-
portion of deaths relative to total
deaths that could have been
averted with technology that was
100% effective if that technology
were delivered and used at exist-
ing rates. The sixth column sums
to 21.5%, which is the percentage
of all child deaths per year (i.e., 2
million) that would be prevented
by optimizing the efficacy of tech-
nology alone.

Comparing the third and
fourth columns shows that for
each cause of death, improving
the efficacy of health technology
would save considerably fewer
lives than improving the delivery
and use of existing technology.
For some causes of death, the
sum of these 2 columns is more
than 100%. This is because a
child’s life could be saved by ei-
ther increased efficacy or in-
creased use of technology if ei-
ther were improved and could
not be saved twice if both were
improved simultaneously. The
very limited effect of improving
the efficacy of technology on
lowering mortality rates from
HIV/AIDS or birth asphyxia is a
consequence of the low availabil-
ity of the technologies addressing
these causes.

DISCUSSION

We made some approxima-
tions and assumptions to calcu-
late our estimates. For example,
because of the limited informa-
tion available on the Bill and
Melinda Gates Foundation Web
site for Global Health Grants, a
small number of grants may have
been misclassified. In the calcula-
tions of relative impact on mor-
tality rates, we assumed condi-
tions of ideal utilization and
maximally efficacious technology.

Would changing this approxima-
tion or assumption significantly
alter the results? The magnitude
of the differences is so large that
even major changes in the esti-
mates would have little effect on
the conclusion that there is a
major imbalance between the
proportion of lives that could be
saved by improving delivery and
use of health technology com-
pared with creating new technol-
ogy (62.5% and 21.5%, respec-
tively) and the relative
proportion of grants funded in
the 2 areas (3% and 97%). We
call this latter imbalance the 
“3/97 gap.”

The analyses presented in
Table 2 raise serious questions
about the wisdom of continuing
the current funding policy. On
the one hand, the benefits that
have accrued from past invest-
ments in health technology re-
search are clear. Future invest-
ments will continue to bear fruit,
and it is critical that such invest-
ments continue. On the other
hand, the effects of the failure to
invest in research on delivery
and implementation are also
clear. Extrapolating to the future,
it appears that only one fifth of
child deaths per year (i.e., 2 mil-
lion) are likely to be prevented
by continuing to improve health
technology alone. This figure is
in sharp contrast to the 6 million
deaths per year that could be
prevented by optimizing the de-
livery and use of currently avail-
able technology.

The rationale for our
proposition—that increasing re-
search on the delivery and use of
health technologies will make it
possible to realize the potential of
current technologies—is based on
several arguments. First, the cur-
rent problems in delivery and uti-
lization are not inherent in the
technologies themselves. Second,

although a lack of adequate eco-
nomic investment is an important
factor, the current problems in
utilization and delivery are not
wholly because of a lack of eco-
nomic investments to ensure their
availability. Finally, research on
delivery and use of technology
can yield insights that lead to
new strategies for identifying and
breaking the bottlenecks that pre-
vent current technologies from
achieving their potential.

Regarding the first argument,
there is ample evidence to sup-
port the proposition that the vast
majority of currently available
safe and effective technologies
can be delivered and utilized.
Across the world, health care
workers with limited education
and minimal training have been
taught to safely inject antibiotics
and vaccines. Teaching health
care workers how to administer
oral measles vaccine and vitamin
A capsules safely has not been a
significant barrier to the delivery
of these life-saving technologies.
What has proved much more dif-
ficult has been the logistics of the
delivery of supplies and deploy-
ment of personnel, and the sys-
tematic application of these tech-
nologies through health services
and other channels.14,15

There is strong evidence that
families can use currently effica-
cious life-saving technologies
when they receive appropriate
teaching and support.16,17 More-
over, when families use these
technologies—for example, pack-
aged or home-prepared oral
rehydration therapy or other
home-prepared fluids to help con-
trol diarrhea—the results are re-
duced mortality rates; this has
been shown for diarrheal disease
on all continents.18 Programs to
encourage and support breast-
feeding provide another example
of critical life-saving “technology.”

Such programs have not encoun-
tered insurmountable technical
barriers and have been successful
in promoting exclusive breast-
feeding in populations not nor-
mally practicing it.19 Even mal-
nourished women can exclusively
breastfeed, at least for 4 months,
when they are given minimal
counseling.20

The second argument, that
problems of delivery and utiliza-
tion are not wholly caused by
lack of economic resources, rests
on interpretation of the word
wholly. On the one hand, increas-
ing health sector funding would
have major, positive effects on
reducing mortality. On the other
hand, there is evidence that
countries with similar levels of
economic development and
health expenditures have sub-
stantially different levels of
health.21 It can therefore be in-
ferred that factors other than
economic resources are making
the difference. These factors
range from culture, governance,
and the political will to use the
resources well to bureaucratic
and market structures delivering
the interventions to household
and individual behavior in both
accessing interventions and com-
plying with good health practices.

The third argument is the
proposition that problems in
these aspects of health care are
inherently researchable, that
there are research methods
presently available to address
them (e.g., see Gove et al.22), and
that such research provides in-
sights and guidance on breaking
the bottlenecks that prevent cur-
rent technologies from achieving
their potential.23 There is sub-
stantial evidence from research
by medical anthropologists, soci-
ologists, and nutritionists docu-
menting the potentially modifiable
social, cultural, and behavioral
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barriers impeding the full and
effective delivery and utilization
of these and other existing tech-
nologies.24–27 Moreover, there is
also clear evidence that delivery
and utilization can be signfi-
cantly improved through appro-
priate interventions.28–30

There is substantial technical
capacity to address these issues
in the fields of social science and
public health research, although
development of a critical mass of
investigators is urgently needed.
The research agenda would
focus not only on obtaining a
better understanding of why the
policy decisions and bureaucratic
and household behaviors do not
conform to expectations but also
on developing theoretical frame-
works that inform—and are in-
formed by—intervention.

An additional argument for in-
creasing research on the delivery
and use of technology is the
probability that new technologies
will encounter the same barriers
that have prevented current ones
from achieving their potential.
Research that leads to better de-
livery and use of current tech-
nologies will facilitate the plan-
ning and implementation of
activities to introduce and institu-
tionalize new technologies.

CONCLUSIONS

Our quantification of research
grant allocation shows that within
the general research disparity
articulated in the 10/90 gap is
another serious, compounding
gap. Only a small proportion of
funded research designed to help
reduce child mortality is directed
towards doing so in low-income
countries, and very little of that
research concerns health care
delivery and utilization. It is time
to also recognize the “3/97 gap”
and begin to take steps to correct

it by investing adequate resources
for research on the delivery and
use of technology to help reduce
the remaining burden of child-
hood mortality.
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